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ABSTRACT Effects of F-strain Mycopiasma gallisep-
tie ii,ni (FMG) inoculation and 1.5% supplemental di-
etary poultry fat (PF) on the egg yolk characteristics
of commercial layers at 24, 34. 44. 50, and 58 wk of
age were investigated. Sham and FMG inoculations
were administered at 12 and 22 wk of age and dietary
treatments (basal control and basal control with 1.5%
supplemental PF) were initiated at 20 wk of age. Yolk
lipid concentration was reduced on wk 24 ill birds that
had been inoculated at 12 or 22 wk of age with FMG.
The use of 1.5% supplemental PF increased percent-
age of yolk weight and yolk: albumen ratio across age
and inoculation treatment. At 58 wk of age, concentra-
tions of yolk palnntic acid increased and those of oleic
and linoleuic acid decreased when sham inoculations
were given at 22 rather than at 12 wk of age. However,
FMG inoculations given at 22 rather than at 12 wk
increased pairnitoleic acid arid decreased stearic acid
yolk concentrations. At 12 wk of age, FMG inocula-

tions decreased yolk palniitoleic, oleic, and linolenic
acid concentrations while causing increased yolk stearic
and arachidonic acid levels when conipared with sham
inoculations. Furthermore, 1.5% supplemental PF de-
creased concentrations of palmitic and oleic acid and
increased those of linolcic acid in the yolk at 58 wk of
age. Despite the interaction of 1.5% supplemental PF
with the prelay inoculation of FMG on early (18 to 26
wk) layer performance noted in a previous report, the
effects of a prelay FMG inoculation and 1.5% supple-
mental PF oil egg yolk characteristics examined in
the current study were independent of each other. This
suggests that 1.5% supplemental PF is not effective in
modulating the effects of an F'MG inoculation at 12
wk of age oil egg yolk characteristics between 24
and 58 wk of age and that the combined effects of PF
supplementation and Fl\IG inoculation oil
do riot influence egg yolk characteristics.
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INTRODUCTION
Myc:oplasma gaiiiscpttcurri (MG) has been cultured

from the liver of chickens (Sahu and Olson. 1976). mar
remain viable for 18 wk in egg yolk at 37°C (Chandira-
rrma.ni et. al.. 1966). and its transmission through the
hatching egg is the major route of infection for the
next generation (Kleven. 1981: Glisson and Kheven,
1984). According to Burnham et al. (2003). F-strain
MG (FMG) infection affects the total yolk lipid (YL),
cholesterol (YCHOL), and fatty acid concentrations

c)2009 Poultry Science Association Inc.
Received March 26. 2009.
Accepted May 1. 2009.
'This is journal no. .1-11532 from the Mississippi Agricultural and

F'orestrv Experiment station supported b y MIS-321010.
2 Use of trade names In this publication does not impl y endorsement

by Mississippi Agricultural and ftrestrv Experiment Station of these
products, nor similar ones not mentioned.

Correspondingaut1ior: dpeeblescipoultry.msstate.edn

in eggs of laying hens. Compared with control birds.
Burnham et al. (2003) found that YL was higher at
32 and 44 wk and lower at 22 and 48 wk. and that.
YCHOL was lower at 28 wk subsequent to an FMG in-
oculation at 12 wk. Also, concentrations of yolk hinoleic.
stearic, and arachidonic acids were increased, whereas
concentrations of mvristic. palmitoleic, and oleic acids
were decreased in FMG-treated birds compared with
controls. It was suggested that FMG colonization iii the
liver of laying hens may affect egg production through
alterations in YL and the metabolism and production
of various fatt y acids that are ultiiiiatelv deposited in
the yolk.

Peebles et al. (2003) determined the effects of the
use of 1.5% supplemental dietary poultry fat (PF) be-
ginning at 20 wk of age oil performance through
26 wk of age after an inoculation with FMG at 12 wk
of age. Reduced feed consumption as a result of feed-
ing the supplemental PF in sham-inoculated birds was
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ameliorated when supplementation was preceded by an
FMG inoculation. The supplemental PF was also found
to alleviate reductions in early egg production due to
the prelay FMG infection. Furthermore, in a. previ-
ous companion article to the current study. Park et al.
(2009) reported that 1.5% supplemental PF reduced
feed consumption across a 20 to 55-wk laying c ycle in
layers that had likewise experienced a wk 12 inocula-
tion (sham or FMC). The objective of this study was,
therefore, to examine the possible effects of 1.5% sup-
plemental PF. subsequent to an FMG inoculation at
12 wk of age. on the yolk characteristics of commercial
egg-laying hens throughout lay.

MATERIALS AND METHODS
In all 3 trials. 1-d-old Hy-Line W-36 Single Comb

White Leghorn pullets were obtained from a connuer-
cial hatchery certified free of MG and Mycoplasma syn-
oviac (USDA-APHIS-VS, 2003). Until 12 wk of age,
birds were raised, fed. vaccinated, and tested for the
presence of MG and Al. synoviae as described by Pee-
bles et al. (2003). At 12 and 22 wk of age in each trial.
120 sham (control)- and 120 FMG (treated)-inoculatcd
birds were wing-banded and randomly assigned to in-
dividual cages in I of 2 enclosed and isolated ends of
a caged layer facility according to inoculation treat-
ment. Sham and FMG inoculations at, 12 and 22 wk
and Mycoplasrna detection during lay were as described
by Peebles et al. (2003) and Park et. al. (2009).

Two isocaloric and isonitrogenous treatment layer di-
ets were randomly provided to birds within each end of
the layer house at 20 wk of age, with both dietary treat-
ments assigned to birds belonging to each inoculation
type (sham- or FMG-inoculated) and inoculation age
(12 or 22 wk) treatment combination. One diet served
as a basal control diet (BC: contained 0.5 5/c, PF), and
the other was the basal diet supplemented with 1.5%
PF (BCPF; 2.0% total PF). There were 3 replicate
groups (10 birds per replicate group) for each inocula.-
tion type, inoculation age, and dietary treatment. com-
bination. Feed and water were provided for ad libitum
consumption, arid birds in each side of the house were
watered, fed, and ventilated separately. Descriptions of
the diets fed to the layers are provided by Peebles et
al. (2003) and Park et al. (2009). All pullet and layer
diets were formulated to meet or exceed NRC (1994)
specifications, a.ucl all trials were conducted under an
cpprovcd USDA animal care and use protocol.

At 24, 34. 44, 50, and 58 wk of age. a total of 10
eggs were collected from each replicate unit for internal
egg quality determinations. If less than 10 eggs were
collected on a given day, the rest were collected the
following day of the same week. Nevertheless, deter-
imuinations were made on the same day that eggs were
collected. Internal egg quality parameters that were
determined at all 5 ages and in all 3 trials included
percentage of yolk weight. (PYW). percentage of albu-
ceo \V(i(&fIt (PAW). \'olk:;clhulIleIl ratio (YA}.). cool

concentrations of yolk moisture (YM) and YL. Yolk
cholesterol concentrations were determined at wk 24
and 58 in 2 of the 3 trials, and yolk fatty acid profiles
were determined at wk 58 in all 3 trials. After eggs were
weighed, they were broken out for subsequent internal
egg quality determinations. Yolk and albumen weight
percentages were each based on total fresh egg weight.
Yolk:alburnen ratio was expressed as a fraction of the
PYW (numerator) and PA\V (denominator). Quantita-
tion of YM and YL were as described by Burnham et
al. (2003). Yolk moisture and lipid concentrations were
expressed as percentages of fresh yolk sample weight.
Determination of YCHOL was performed by direct sa-
ponification followed by a procedure that utilized capil-
lary liquid gas chromatography. Methyl esterification of
YL was as described by Burnham et al. (2003). Methy-
lated samples were sealed and were stored at —20CC
until subsequent fatty acid analysis by gas chromatog-
raphy. All chromatographic analyses were performed
according to procedures of the Association of Official
Analytical Chemists (1980). The individual fatty acids
retained by the gas chromnatograph were expressed as
a percentage of total methyl esters of the fresh yolk
sample, and YCHOL was expressed in milligrams per
grain 	 total fresh yolk sample.

Statistical Analysis
Average total egg, yolk, and albumen weights within

each replicate were calculated by dividing total repli-
cate weight by the total number of samples weighed.
Yolk samples within each replicate group for YM, YL,
YCHOL, and fatty acid analyses were pooled before
content analysis, and all other individual sample data
within each replicate group were averaged before data
analysis. A completely randomized experimental de-
sign, with trial as a block, was utilized. The data of
all 3 trials were pooled and then analyzed together.
Therefore, the results from each trial were not reported
independently but were reported over all 3 trials. Tri-
al was considered as a random effect. Parameters for
which the same experimental units were observed over
multiple age periods were subjected to a repeated mea-
sures analysis. These included all parameters examined
except yolk fatty acids. Yolk fatty acid concentrations
at wk 58 were subjected to split-plot analysis to assess
the effects of diet, inoculation type, and inoculation
age. Comparisons of means were by Fisher's (protect-
ed) least, significant difference method in the event of
significant global effects (Steel and Torrie. 1980: Peters-
en, 1985: Freund and Wilson. 1997). and all data were
analyzed using the MIXED procedure of SAS software
(SAS Institute. 2003). Global effects and means separa-
tions were considered significant at P < 0.05.

RESULTS
There were significant (P < 0.0001) hen age main

effects for PY\V. PAW, V;\ H and Y\ I between 2 . 1 and
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Table 1. Relative egg yolk [PYW: (g of yolk/g of egg) x 100] and albumen {PAW; (g of albunien/g
of egg) x 100] weights, yulk:albunien ratio (YAR), and yolk moisture (YM) and cholesterol (YCHOL)
concentrations at 24. 34, 44, 50, and 58 wk of lien age across inoculation type, inoculation age. and
dietary treatment
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\\ick ,. of age

2.1
:1.1
44
50
58
Pooled SEM

PY\V (H)	 PA\V (H)

24.6'	 62.8
27.8
29.2'	 59.2
29.6	 58.7'
29.7	 58.7'

0.13	 1)15

YAR	 Y  (H)

0.392'	 49.8
0.460	 50.5"
0.494"	 52.5
0.505
0.507"	 50.9'
00050	 1.36

YCHOL (ing/g)

12.1

12.1
(1)48

among week of age wit liiii a colunin (parameter) with no common superscript differ (P <
= 72 (2 diets x 2 inoculation t ypes x 2 inoculation ages x 3 repetitions x 3 trials) replicate units used for

the calculation of the mean of each parameter at each week.

58 wk of age. Means for each of these parameters at
24. 34, 44. 50, and 58 wk of hen age across inoculation
type, inoculation age, and dietary treatment are pro-
vided in Table 1. Percentage of yolk weight and YAR.
increased between wk 24 and 34, 34 and 44. and 44 and
50, whereas means at wk 50 and 58 were not different.
Oppositely. PAW decreased between wk 24 and 34, 34
and 44, and 44 and 50, whereas means at wk 50 and 58
were not different. On the other hand. YM was highest
at wk 44, and YM at wk 34 and 58 were higher than
that at wk 24, with wk 50 intermediate. There were
no significant effects of any kind noted for YCHOL:
however, YCHOL means at 24 and 58 wk are included
in Table 1 for added reference. There was a significant
(P < 0.0008) hen age x inoculation type interaction
for YL between 24 and 58 wk of age. The YL means
for each type of inoculation treatment at 24, 34. 44, 50,
and 58 wk of hen age across inoculation age and dietary
treatment are provided in Table 2. At 24 wk of age, YL
was reduced in birds that were FMG-inoculated (12 or
22 wk of age) in comparison to those that were sham-
inoculated. Also, between 24 and 58 wk of age, there
were significant (P 0.05) diet main effects for PYW
and YAR.. The PYW and YAR. means for each dietary
treatment across sampling age period, inoculation type.
and inoculation age are provided in Table 3. The addi-
tion of 1.5% supplemental PF to the basal diets of the
birds increased PYW and YAR..

Inoculation type x inoculation age interactions were
found for yolk myristic (P 0.03), palmitic (P < 0.02)1
palmit.oleic (P < 0.03), stearic (P < 0.004), oleic (P

0.002), linolenic (P < 0.005), and arachidonic (P <
0.008) acid concentrations at 58 wk of age. The means
of each of these parameters for each type and age of
inoculation across dietary treatment are provided
in Table 4. Compared with those in birds that were
sham-inoculated at 12 wk of age. yolk concentrations
of palinitic acid in wk 22 sham-inoculated birds and
arachiclonic acid in wk 12 FMG-inoculated birds were
higher. whereas yolk oleic and linolenic acid concen-
trations were lower in wk 22 sham-inoculated and wk
12 FMG-inoculated birds. In addition, compared with
those in birds that, were inoculated with FMC at 22 wk
or that were sha.ni-inoculated at 12 wk, yolk palmito-

leic acid levels were lower and yolk stearic acid levels
were higher in birds that were inoculated with FMG
at 12 wk of age. Furthermore, there was a significant
diet main effect for concentrations of yolk palmitic (P
< 0.0001), oleic (P < 0.005). and linioleic acid (P <
0.0001) at 58 wk of age. The means of each of these pa-
rameters for each dietary treatment across inoculation
type and inoculation age are provided in Table 5. Yolk
concentrations of palirnt.ic and oleic acids were lower,
whereas those of linoleic acid were higher, in birds fed
the BCPF diet in comparison to the BC diet..

DISCUSSION
A delay in onset of lay by 1 wk arid a decrease in to-

tal egg production (Burnham et al., 20021)), as well as
significant reduction ,, in the average number of mature
ovarian follicles and alterations in liver, ovarian, and
oviduct characteristics (Burnham et al., 2002a), have
been reported to occur in commercial layers in response
to the inoculation of FMG at 12 wk of age. Iii a later
report, Burnham et al. (2003) concluded that the ef-
fects of FMG on egg production are associated with
alterations in YL and the metabolism and production
of various fatty acids that are deposited in the yolk
subsequent to the colonization of FMG in the livers of
laying hens. Mycoplasma gallisepticum has the ability
to invade cells (Winner et al., 2000). and Sahu and

Table 2. Yolk lipid concentration for sham- and F-strain My-
euplas7na galiiseptmcorn (FMG)-inoculated birds at 21.31. 44.
50 1 and 58 wk of age across inoculation age and dietary treat-
ment i2

Weeks of age	 Sham (H )	 F5 RI ((/,)

24	 33.2'	 29.5"
34	 31.3	 29.4
44	 32.0	 32.2
50	 29.7	 29.4
58	 28.8	 29.3

""Means among treatments within a row (week of age) \vi( Ii no coin-
mon superscript differ (P < 0.05).

= 36 (2 diets x 2 inoculation ages x 3 repetitious x 3 trials) rep-
licate units used for the calculation of the mean of each treatment at
each week.

2Pooled SEM = 1.35.



1886
	

PARK ET AL.

Table 3. Relative egg yolk weight [PYW: (g of yolk/g of egg)
X 1001 and yolk: albumen ratio (YAR) iii birds fed basal control
diets (BC) and basal control diets supplemented with 1.5% poul-
try fat (BCPF) across sampling age period, inoculation type,
and inoculation age'

Parameter	 BC	 FICPF	 Pooled SEM

PY\V (V)	 28.0'	 28.3	 0.10
YA1{	 0.468"	 0.474'	 0.00.1

.h\lealls among treatments within a row (parameter) with no common
s,,perscr,pt differ (P < 0.05).

'i, -= 180 (5 age periods x 2 inoculation types x 2 inoculation ages x
3 repetitious x 3 trials) replicate units used for the calculation of treat-
utciut meansIS for each parameter.

Olson (1976) noted that MG may be cultured froin the
livers of infected chickens. These findings suggest that
MC may he capable of interfering with liver lipid me-
tabolismn. Liver colonization by FMG may, therefore, he
a possible means by which egg production, liver lipid
metabolism, and the subsequent lipid profiles of egg
Yolks iii FMG-infected hens may he altered.

The results of this study indicate that the inoculation
of layers with FMG at either 12 or 22 wk of age may
subsequently decrease YL. However, between 24 and 58
wk of age, a significant decrease in YL only occurred
initially at 24 wk of age. The absence of a significant
effect at any of the succeeding time periods through
wk 58 suggests that FMG affects YL for only a limited
amount, of time after inoculation. In a report by Burn-
ham et al. (2003), which examined egg yolk composi-
tion between 22 and 58 wk of age, it was likewise shown
that YL was consistentl y reduced in 2 consecutive tri-
als only at 22 wk of age in layers that were inoculated
with FMG at 12 wk of age. Razin and Tully (1970) and
Edward (1971) reported that members of Mycoplasm.a
genera require a substantial amount of exogenous elm-
lesterol or its esters for growth and for incorporation
into their membranes. Nevertheless, the hens in the
present study were apparently able to eventually adapt
physiologically to the nutritional demands of the FMG.
Sc) that YL was not, affected by wk 34 or after 22 wk of
infection.

Burnham et al. (2002h) examined the potential ef-
fects of an FMG inoculation at 12 wk of age on the
egg characteristics of commercial layers and noted that
it did not affect PYW. Similarly, in the current study,
FMG inoculation had no influence on PYW. However,
the BCPF diet significantly increased PYW and YAR
over that of the BC diet across wk 24, 34, 44, 50, and
58. Although Sell et al. (1987) observed after 4 to 12 wk
of dietary treatment that the absolute yolk weights of
eggs from White Leghorn liens increased linearly with
increases in the level (3.0 or 607o) of animal-vegetable
fat added to diets. PYW did not increase significantly
due to associated increases in egg weight. As in the cur-
rent study, the supplemented diets used by Sell et al.
(1987) were isocaloric and isonitrogenous to the basal
diet while the level of total fat in the diet was increased.
The increase in PYW with dietary PF supplementation
in the present report would be related to the lack of
an associated increase in egg weight, as noted in the
earlier companion report by Park et al. (2009). Con-
versely, upon examination of the effects of PF level (1.5
or 3.0%) apart front the associated influences of energy
level in the diets of broiler breeder liens. Peebles et al.
(2000) did not observe a significant effect on PYW,
YAR,, or egg weight.

Changes in the yolk concentrations of linoleic acid
between 24 and 44 wk of age and of myristic, stearic,
palmitoleic, oleic, and arachidonic acid between 24 and
58 wk of age have been found to occur in layers in
response to the inoculation of FMG at 12 wk of age
(Burnham et al., 2003). More specifically, decreases in
rnyristic, palmitoleic, and oleic acid and increases in
linoleic, stearic, and arachidonic acid occurred after the
inoculation of FMG at 12 wk. Similarly, in comparison
to sham inoculations at 12 wk in this study, decreases
in palmitoleic and oleic acids and increases in stearic
and arachidonic acids were also found in the yolks of
eggs from hens at 58 wk of age in response to FMG
inoculations at 12 wk. The results of the current study
confirm those of Burnharn et al. (2003), that an FMG
inoculation at 12 wk in layers subsequently reduces yolk
concentrations of palmit.oleic and oleic acid and increas-

Table 4. Yolk myristic, palmitic, palmitoleic, stearic, oleic. linolenic, and arachidonic acid concentra-
tions (% of methyl esters) at 58 wk of age within type of inoculation [sham and F-strain AIyc.oplasma
gallisepticum (FMG)[ and age of inoculation (12 and 22 wk) across dietary treatment'

Fatt y acid

N1 	 acid
Paln,itic acid
Paln,itoleic acid
Stearic acid
Oleic acid
Linolenic acid
Arachidonic acid

Sham (y.)

12 wk	 22 wk

0.254	 0.244
28.2"	 28.9

1.75	 1.67'"
12.9"
33.8	 32.6'

0.283"	 0.254"
5.23'	 5.48'

FMG ('g)

12 wk	 22 wk	 Pooled SEM

0.240	 0.255	 0.0289
28.6'	 28.7"	 1.10

1.56"	 1.70	 0.154
13.7	 13.2'	 0.90
32.5"	 33.3"	 1.93
0.240'	 0.261 	 0.0306
5.79"	 5.42'"	 0.729

among treatments within a row (fatt y acid) with no common superscript differ (P < 0.05).
= 18 (2 diets x 3 repetitions x 3 trials) replicate units used for the calculation of treatment mealls for each

parameter.
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Table 5. Concentrations (1X of meth wl esters) (ii yolk palnutie
acid. oleic acid, litioleic acid. and all other remainin g fatty acids
combined (other; not including nivristic. palnntoleic. stearic, ii-
nolenic, and arachidonic acids) at 58 wk of age in birds fed basal
control diets (BC) and basal control diets stippleirietth-'d xviI ii
1 .5Y poultry fat (BCPF) across inoculation type and inoctila-
tion age1

Fat tv acid	 BC CX.)	 1.ICPF ((X) 	 Pooled SEll

Palnutic acid	 28.9"	 28.3'	 1.08
Oleic acid	 33.5"	 32.6'	 Its
Linoleic acid	 12.8	 13.7'	 1.1)1
Other	 3 93	 1. 12	 1.580

"Means among dietar y treat iiit'iit ivil hiti a row (fat 1\ nici II itli no
common superscript differ (P < 1)03).

n = 36 (2 hiocitlatioii types x 2 inoculation ages x 3 apIS it 10115 X

3 trials) replicate units used for the calculation of (he tt'd'tlt uteri) UlcailS
for each parameter.

es those of stearic and ararl idonic acid. Conversely,
myristic and litioleic acids were not affected by inocula-
tion treatment, whereas linolenic acid was lower in 12
wk FMG compared with 12 wk sham treatment birds
in the present study. These associated yolk fatt y acid
changes may have nevertheless occurred t brought the
preferential utilization of various fatty acids by Fi\IG
and subsequent coordinated shifts in the activities of
various liver lipid enzymes as described by l3urnliaui et
al. (2003). In addition, palmitoleic acid was lower and
stearic acid was higher in yolks from birds inoculated
with FMG at 12 rather than at 22 wk in this experi-
ment. These data would further suggest that the age
at which FMG is inoculated (12 or 22 wk) may affect
yolk palmitoleic and stearic acid levels, such that when
FI\IC is administered at 22 rather than at 12 wk of age,
its effects on the yolk levels of these 2 fatty acids are
lost when compared with sham-inoculated controls.

The results of the current report also show that diet
exerts effects on several yolk fatty acids that are hide-
pendent of those in response to inoculation treatment.
and that changes in the concentrations of these fatty
acids in the yolk do not reflect their respective changes
in the diet after the addition of 1.5% supplemental PF.
Peebles et al. (2003) previously reported the fatty acid
contents of the diets used in the current stud y and not-
ed that in comparison to the BC diet. palmitic and ole-
ie acid concentrations were higher and concentrations
of linoleic acid were lower in the BCPF diet.. However,
in the current report, the yolk concentrations of palm-
it ie and oleic acid were lower anti those of linoleic acid
were higher in eggs from hens that were fed the BCPF
diet in comparison to those fed the BC diet. Therefore,
changes in the yolk concentrations of these 3 fatty acids
were opposite to those in the diet after the addition of
1.5W supplemental PF.

Tn conclusion, the inoculation of layers with FMG
(12 or 22 wk) may decrease YL earl y in lay, and the
inoculation of FMG specifically at 12 wk can alter the
fatty acid profile of egg yolks toward I lie end of lay.
These effects are independent of those exerted by the
addition of 1	 supplemental PF, which may increase

P\\T and VAR throughout lax. Furthermore, the ef-
fects of the inoculation and dietary treatments oil these
yolk characteristics were independent of those on egg
production, as previously reported for these saitie birds
by Park et al. (2009).

REFERENCES

Association of Official Aualvtit'id Cliettuists. 1980. Official Methods
of Anal ysis. 1401 ed. Association of Official Analytical Chemists,
Vtaslangton. DC.

Burnham. M. B.. S. L. Branton. E. D. Peebles, M. S. Jones. P. D.
Gerard. and W. B. Nlaslin. 2002i. Effects of F-strain Mijcoplas trio
qall?sepf.a:tiln inoculation at twelve weeks of age on digestive and
reproductive organ characteristicseliaracterist irs of rononercia] egg la y ing liens.
Poult. Sri. 81:1884 1891.

Burnham, M. 11., S. L. Branton. F. D. Peebles. B. D. Late and
P. D. Gerard. 20021). Effects of F-strain Muj opicisma golliscp-
ticuin inoculation at twelve weeks of age on performance and
egg characteristics of commercial egg-laying hens. Poult. Sei.
81:1478 1185.

[Ituruiltain. M. H.. F. D. Peebles. S. L. Branton. D. V. Maurice. and
P. B. Gerard. 2003. Effects of F-strain iilycoplcz.srnn qallist'pticurn
inoculation at twelve weeks of age on egg yolk composition in
commercial egg lavi ig liens. Poub. Sri. 82:577 584.

C'handiramani. N. K.. II. Van Rockel. and 0. M. Olesiink. 1966.
Viability studies with .'tlqcoplasrito gaths pta-sin under different
environmental coil litious. Ponilt. Sci. 45:1029-1044.

Edwarul. D. G. A. 1971. Determination of sterol requirements for
Nlycoplaamnatalcs J. Gen. Microbiol. 69:205 216.

Freunci, H....and W. J. Wilson. 1997. Statistical Methods. Aca-
dennc Press. Sam Diego. ('.1.

(4lnsson. J. H.. and S. H. Kleven. 198-4. Mycop/risma golh.septjcOiru
vaccination: Effects oil egg transmission and egg production.
Avian Dis. 28:406 415.

Kieven, S. 11. 1981. 'l'ransmissibilitv of the F-strain of Myc.oplasma
.qo!lisepiicum in Leglmoni chickens. Putmlt. Sri. 25:1005 1018.

NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed. National
Academy Press. Washington, DC.

Park. S. IV.. M. R. Burnham, S. L. Branton, P. D. Gerard. S. K.
Womack, and E. D. Peebles. 2009. Influence of supplemental di-
etarv poultry fat on the performance of commercial la yers in-
oculated before or at the onset of la y with F-strain Micop/o.sIlia
golliscpticuru. Potilt. Sci. 88:1365-1:372.

Peebles, F. D., S. L. Branton. M. R. Bmuruham, and P. D. Gerard.
2003. Tnfluences of supplemental dietar y poultry fat and F-si rain
Jiycopiasmo gailtseptwum infection on the early peu'forinamlce of
commercial egg laying hens. Potmit. Sci. 82:596 602.

Peebles. E. D., C. D. Zumwalt, S. M. Doyle, P. B. Gerard. M. A.
Latour, C. R. Boyle, and T. W. Smith. 2000. Effect ,, of breeder
age and dietary fat source and level oil broiler hatching egg char-
acteristics. Ponit .Sci. 79:698-704.

Petersen. R. G. 1985. Design and Anal ysis of Experiments. Marcel
Dekker, New York. NY.

Razin. S. M., and J. S. Tiillv. 1970. Cholesterol requireumiemit for my-
coplasmas. J. Bacterio]. 102:306 310.

Sahu, S. P.. and N. 0. Olson. 1976. Use of the agar-gel precipitin
test to evaluate broiler breeder and commercial lver flocks for
Mycoplasma gall2septicllirl infection. Avian Dis. 20:563 573.

SAS Institute. 2003. SAS Proprietary Software Release 9.1. SAS
Institute Inc.. Cary. NC.

Sell, J. I.., C. H. Angel, and F. Escrihano. 1987. Influence of stipple-
mental fat on weights of eggs and yolks during early egg prodiuc-
tion. Pomilt. Sci. 66:1807 1812.

Steel. 11. G. D.. and J. H. forrie. 1980. Principles anti Procedures of
Statistics. A Biometri'al Approach. 2nd ed. McGraw-Hill. New
York. NY.

USDA-APHIS-N'S. 2003. National poultr y improvement plan and
auxiliary Provisions. Fed. Begist. 68:28169 281 75.

Winner. F.. R. Hosengart.ea. and C. Cit Ii. 2000. In vitro cell invasion
of .'tltcopiasma qolI,scpt)c urn. lumfect . Immrmuun. 68:4238 424.1.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

